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Preface 



S even years ago, in Cancun, Mexico, at the meeting of the Pan- 
American Association of Ophthalmology, one of the editors came 
across a little book in Portuguese on contact lenses. Edited and written 
by two of Brazil's leaders in the specialty of contact lenses — Cleusa 
Coral-Ghanem, MD and Newton Kara-Jose, MD — this slim volume had 
already made a significant impact in Brazil. In a country where contact 
lens practice is already quite sophisticated, the book was designed as 
a learning tool for the new practitioner. Given its utility as a manual 
for the beginning contact lens practitioner, the notion that this book 
might be made available in English immediately came to mind. In the 
Foreword to the second edition in Portuguese, Rubens Belfort, a rec- 
ognized leader in both Brazilian and international ophthalmology, 
wrote that "if this book were written in English, it would be recognized 
the world over" as a useful and practical tool for the contact lens prac- 
titioner. His comments were perhaps prescient. And so, the project to 
bring a new contact lens manual to English-speaking eye care practi- 
tioners was launched. 

This book is a contact lens "primer." Originally signifying a small 
book for teaching children to read, the term primer now signifies any 
small book that is basic and introductory to a subject. There is already, 
of course, a spate of basic contact lens manuals on the market. None- 
theless, the present text is unique in at least two ways. First, it combines 
the somewhat quaint notion of a primer with the contemporary ap- 
proach of FAQs — frequently asked questions. Guiding the novice step- 
wise into an acquaintance with the terminology and practice of contact 
lenses, it approaches questions as they arise in the "hands on" setting. 
Second, this new volume is the joint product of an ophthalmologist and 
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an optometrist. Unfortunately, differences in clinical interests and po- 
litical currents have swept the two disciplines apart, and often what is 
written by one is not read by the other. This project brings together a 
long collaboration between ophthalmology and optometry that capi- 
talizes on the expertise of both disciplines. As such, it is designed to be 
of use to ophthalmology residents, optometry students, practitioners 
in both fields beginning or returning to contact lens practice, and to 
technicians and assistants working in contact lens practices. 

We have attempted to adapt the excellent base established by our 
colleagues in Brazil for both ophthalmology and optometry and have 
expanded and updated the contents for the English-speaking profes- 
sional readership. Primary credit for this book must go to Drs. Coral- 
Ghanem and Kara-Jose and to the contributors in Brazil and the United 
States who have updated and rendered the chapters clear and utilitar- 
ian. The original text was translated from Portuguese into English by 
Dr. Mannis and was further edited in English by Drs. Mannis and Zad- 
nik. We hope that this text will answer the readers' questions — those 
you wanted to but perhaps were afraid to ask because they seemed so 
basic. 



Mark Mannis, MD 
Sacramento , California 

Karla Zadnik, OD, PhD 
Columbus , Ohio 



Foreword 



T he second edition of this book, still in the original Portuguese, was 
distinguished by an introduction by Mark Mannis. In his foreword 
to that edition. Dr. Mannis wrote "It is an extraordinary honor for me 
to be associated with the editors and authors of this essential text for 
Portuguese-speaking ophthalmologists. My only regret is that the book 
is not yet available to English-speaking contact lens practitioners." 
Now with this newly translated and substantially edited English edi- 
tion that is enriched by the experience of two accomplished practition- 
ers, Mark Mannis and Karla Zadnik, core information in contact lens 
practice that has always been the primary goal of this book is brought 
to English-speaking eye care professionals. As authors of the original 
text, we are honored to be associated with this new and updated 
English language version and its accomplished editors and contribu- 
tors from both Brazil and the United States. The English edition encom- 
passes a much broader collaboration of colleagues who have gener- 
ously volunteered their hard work to make this book a valuable clinical 
tool. 

The format of the book was conceived several years ago, when we 
were discussing the contact lens training of our residents and of new 
ophthalmic practitioners in Brazil. We noticed that their questions about 
contact lenses had common and recurrent threads. We were repeatedly 
faced with the same basic queries. Nonetheless, we were also well aware 
of the significant costs involved in the production of a conventional text- 
book in ophthalmology with lengthy text, numerous illustrations, and 
expensive paper that would make it prohibitive to a significant percent- 
age of our target audience. The format, therefore, logically presented 
itself: straightforward questions and answers about the subjects of great- 
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est concern to the new contact lens practitioner presented in a slim, com- 
pact, direct, and no-nonsense book. To our surprise, the book is now in 
its third edition in Portuguese. We are further delighted to witness its 
translation and updating in English — a language that will make it ac- 
cessible to a much larger readership 

Communicate comes from the Latin communicare , which means 'To 
make common, to share." A nonfiction book communicates knowledge, 
makes it common, shares it. As physicians, we have two basic missions: 
to heal and to teach. We hope that this modest book effectively shares 
our own experience in contact lens practice with those who are new to 
the field. The original authors of Lentes de Contato na Clinica Oftalmold- 
gica are immensely thankful to Drs. Mannis and Zadnik for the oppor- 
tunity of communicating and sharing with our English-speaking col- 
leagues the world over. 



Cleusa Coral-Ghanem, MD 
Joinville, Brazil 

Newton Kara-Jose, MD 
Sdo Paulo , Brazil 
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Design and Nomenclature 
of Contact Lenses 

Renato Giovedi Filho, 

Marizilda Andrade Giovedi, 
and Jason J. Nichols 



1. What types of contact lenses exist? 

Contact lenses can be classified by the nature of the material from which 
they are made, by their wearing schedule, by their purpose, or by their 
design. 



Nature of the Material 

1. Hard 

2. Rigid gas permeable 

2. Hydrogel 

3. Hybrid 



Wear and Replacement Schedule 

1. Daily wear (removed daily and not utilized during sleep). 

2. Continuous or extended wear (utilized both during waking and 
sleep hours for a specified number of days continuously). These 
lenses are generally made from high water content or high DK 
material. 

3. Flexible wear (utilized during the day and occasionally overnight). 

4. Traditional/ conventional: replaced annually. 

5. Disposable or planned replacement (discarded after a specified 
wearing period defined by manufacturer's guidelines). Can be dis- 
posed of daily, weekly, biweekly, monthly, bimonthly, or quarterly. 

6. Occasional (indicated for occasional use, e.g., athletic or social activ- 
ities). 



2 R.G. Filho et al. 



Purpose 

1. Therapeutic (for protection or healing of the cornea). 

2. Cosmetic (for modification of the color of the eye or to improve the 
appearance of a disfigured eye). 

3. Optical (for correction of refractive errors and/or regularization of 
the corneal surface). 

Design 

1. Spherical (having anterior and posterior spherical surfaces). 

2. Aspheric (different radii of curvature in the center and periphery, 
simulating the structure of the cornea). 

3. Toric (two principal meridians have different radii of curvature; this 
may be the anterior or posterior surfaces of the lens or both). Used 
to correct astigmatism. 

• Front surface toric lenses 

• Back surface toric lenses 

• Bitoric lenses (when both the anterior and posterior surfaces are 
toric) 

4. Bifocal 

5. Progressive 

6. Multicurve (two or more posterior curves). See Figure 1.1. 

7. Reverse curve (a central posterior curve, which is flatter, utilized 
primarily for fitting after refractive surgery for myopia or orthok- 
eratology). See Figure 1.2. 

2. What is a rigid gas permeable lens? 

A rigid gas permeable lens is made of a material with a molecular 
structure that permits the passage of oxygen and carbon dioxide gas 



Centr 

anterior 



Cen 

thickr 




Intermediate posterior curve 



Intermediate posterior curve 



Peripheral posterior curve 



Central posterior curve Diameter 



Peripheral posterior curve 



Figure 1.1. Configuration of a single cut contact lens. 
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Figure 1.2. Reverse geometry lens design. 



but contains no water. The general categories of gas permeable mate- 
rials are: 

1 . Cellulose acetate butyrate 

2. Pure silicone 

3. Silicone acrylate (siloxy methacrylate copolymer) 

4. Fluorocarbonate (fluoromethacrylate siloxy copolymer) 

3. What is the design of a single-cut lens? 

The anterior surface of a single-cut contact lens is a continual curvature, 
the front optic zone radius, associated with the anterior optic zone. 

The posterior surface of a tricurve lens is formed of three or more 
curves: 

1. The central posterior curve, or base curve, is designed to fit the cur- 
vature of the cornea. 

2. The secondary posterior curve provides a transition between the 
base curve and the peripheral posterior curve. Multicurve contact 
lenses may have more than one intermediate posterior curve in order 
to create a gradual transition. 

3. A peripheral (tertiary) curve is designed to create a smooth transi- 
tion between the base curve and the edge of the lens, facilitating the 
exchange of tear film under the lens with each blink. 

4. What is a "blend," and what is 
its importance? 

To smooth the junction between adjacent curves on the back surface of 
a lens, blending is performed. A blend does not induce a new curve on 
the posterior surface of a lens. Blending is a smoothing of these different 
curves at their junctions, removing the rigidly demarcated zones of 
transition to permit better exchange of tear film under the lens. 

5. What are the types of edge design 
and what are their purposes? 

The shape of the outermost portion (^0.2 mm in from the edge) of the 
lens is referred to as the edge contour. It is difficult to quantify, so 
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descriptors such as rounded, blunt, sharp, knife edge, square, or ta- 
pered are used. The edge contour can be modified in order to diminish 
or augment attachment of the lens to the lid in the contact lens fitting 
process. An additional reason for modifying edge contour is to improve 
patient comfort (Figure 1.3). 

6. What is a base curve? 

A base curve is the radius of curvature of the central region of the 
posterior surface of the contact lens, selected based on the curvature of 
the corneal apex. 



Sagittal depth is the distance between a superficial plane over which 
the contact lens is placed and the center of the optical zone diameter 
(Figure 1.4). To increase sagittal depth, one must increase the optic zone 
diameter or diminish the radius of curvature of the lens. 

8. What is the relationship between contact 
lens center thickness and dioptric power? 

Contact lens center thickness varies with lens power (minus lenses are 
thinner), diameter (smaller diameter lenses are thinner), and refractive 
index (higher refractive index lenses are thinner). Central contact lens 
thickness is important in contact lens fitting, because it may influence 
stability, flexibility, edge thickness, and oxygen transmission. 

9. What is the wetting angle? 

The wetting angle is the angle formed at the surface of the contact lens 
material when a drop of liquid is placed on the surface (Figure 1.5). 



7. What is sagittal depth? 
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Figure 1.3. Types of rigid contact lenses. 
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14 mm 13 mm 12 mm 

Figure 1.4. The relationship between sagittal depth and diameter. 




Figure 1.5. Wetting angle. 



The extent of the angle is related to the cohesive and adhesive prop- 
erties of a lens material. When the wetting angle is greater, the material 
is more hydrophobic. For example, polymethylmethacrylate (PMMA) 
is a relatively hydrophobic material with a wetting angle of approxi- 
mately 60 degrees. 



10. What are prism ballast, truncation, 
and dynamic stabilization? 

Contact lenses may have rotational movement with blinking. In gen- 
eral, the inferior edge of the lens moves laterally and/or up with a 
blink. In the fitting of a toric contact lens, this is not desirable, because 
the axis of the cylinder needs to remain in the same position. There are 
various methods of stabilization (Figure 1.6 A-C). 

1. Prism ballast: The inferiorly thickened portion of the lens at the 
6 o'clock position acts as a weight. 

2. Truncation: The inferior portion of the contact lens is cut off hori- 
zontally, forming a thicker edge that is supported by the inferior lid 
margin. 

3. Dynamic stabilization: The superior and inferior borders of the con- 
tact lens are beveled so that the thinnest portion of the lens is posi- 
tioned under the lid margin, preventing rotation of the lens. 
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Figure 1.6. A: Contact lens with prism ballast. B: Truncated contact 
lens. C: Contact lens with beveled superior and inferior borders. 

11. What is the water content (degree of 
hydration) of a hydrophilic contact lens? 

The water content represents the percent water contained in the poly- 
mer matrix and ranges from 35% to 80% in hydrogel contact lenses. 
Hydrophilic contact lenses can be classified in two categories based on 
water content: 

1. Low water content (less than 50% water) 

2. High water content (greater than 50% water) 

The oxygen transmissibility of a hydrophilic contact lens is directly 
related to its water content and inversely related to its thickness. 

12. What is the significance of the ionic 
content of hydrogel contact lenses? 

Contact lenses may also be classified by their ionic nature. Ionic ma- 
terials are negatively charged and therefore more reactive, whereas 
nonionic materials are electrically neutral. The ionic lenses are more 
prone to protein deposition on the surface of the lens. 

Selected Readings 

Mandell RB. Contact Lens Practice , 4th ed. Springfield, IL: Charles C. Thomas, 
1988. 

Phillips AJ, Speedwell L. Contact Lenses. Oxford: Butterworth Heinemann, 1997. 

Stein HA, Slatt BJ, Stein RM, Freeman MI. Fitting Guide for Rigid and Soft Contact 
Lenses , 4th ed. St. Louis: Mosby, 2002. 
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Indications, 
Contraindications, and 
Selection of Contact Lenses 

Claudia Assis Lima, 

Newton Kara-Jose, 
and Jason J. Nichols 



1. What are the principal indications 
for contact lens use? 

A thorough examination of each patient's history, medical conditions, 
expectations and responsibility, refractive needs, and response to trial 
fitting determines whether contact lenses are appropriate. The principal 
indications for contact lens fitting are as follows. 

Optical Indications 

Most contact lens wearers fall into this group. The great majority are 
myopic with or without astigmatism. 

Medical Indications 

Keratoconus 

Keratoconus is a bilateral, but asymmetric, progressive thinning of the 
cornea. Such cases are generally fitted with rigid gas permeable contact 
lenses to correct myopia and irregular astigmatism resulting from the 
corneal irregularity and ectasia . 1-3 The contact lens does not inhibit the 
progression of the disease and is used only when the visual acuity 
obtained with glasses becomes unsatisfactory . 3 

Irregular Astigmatism and/or Corneal Opacification 

Rigid contact lenses provide an excellent means of correcting irregular 
astigmatism associated with corneal opacification by eliminating the 
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aberrations and glare, leading to better visual acuity. 4 The fitting of a 
contact lens in these cases is almost always undertaken prior to consid- 
ering corneal transplantation. For the most part, rigid gas permeable 
lenses provide better results, although hydrophilic lenses may have 
utility in selected cases. 

Anisometropia 

Anisometropia exists when there is a difference in the refraction of 
generally more than two diopters between the two eyes. Uncorrected 
anisometropia in the infant may lead to amblyopia, especially when 
one eye is hypermetropic. In the adult, differences of greater than three 
diopters generally are not tolerated with spectacle correction. In such 
cases, a contact lens may be indicated in order to reduce the develop- 
ment of amblyopia and anisometropic aniseikonia. 

Unilateral Aphakia 

Unilateral aphakia induces significant disparity in image size (anisei- 
konia). Anisometropic correction with glasses produces intolerable an- 
iseikonia, with a difference in image size of approximately 30%. The 
contact lens diminishes the aniseikonic image difference to approxi- 
mately 7% — a difference generally not perceptible to the visual cortex. 
This reduces the magnifying effect of the positive lens, permitting bin- 
ocular vision. 

Nystagmus 

When it is necessary to correct ametropia in patients with nystagmus, 
contact lenses offer advantages over glasses, because contact lenses fol- 
low the movement of the eye and, in many cases, permit better visual 
acuity. 

After Refractive Surgery 

Patients with significant residual ametropia after surgery may have 
their ametropia corrected with a contact lens. 5-7 Contact lens fitting may 
be initiated 3 to 6 months after surgery. In most cases, rigid gas per- 
meable lenses are appropriate, and a reverse-curve design is most com- 
monly used. 8 Special care must be taken to consider the degree of cor- 
neal topography, vascularization (e.g., at keratotomy incisions), and the 
possibility of epithelial erosions. 

After Penetrating Keratoplasty 

A contact lens is indicated in cases with large refractive errors, aniso- 
metropia, or irregular astigmatism after corneal transplantation. 8-13 Fit- 
ting is usually initiated no sooner than 3 months and often 6 to 12 months 
after surgery, and contact lenses are primarily used when there is per- 
sistent regular or irregular astigmatism after removal of the sutures. 
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Cosmesis 

Prosthetic, tinted lenses are often used in patients with a disfiguring 
corneal scar or an iris coloboma to improve the aesthetics of a nonseeing 
eye or to occlude an iris coloboma. Cosmetic lenses may also simply 
be used to alter the color of the eye. 

Therapeutic Lenses 

Although every contact lens may be considered "therapeutic," thera- 
peutic lenses are those that are applied specifically for treatment of a 
corneal disease . 1044-17 



2. What is the routine examination prior 
to contact lens use? 

Many factors determine whether a patient is a good candidate for the 
use of contact lenses. First, a detailed history and ocular examination 
are necessary prior to fitting a contact lens. The history collects infor- 
mation about the patient's general medical health, ocular health, family 
history of eye disease, and previous use of contact lenses. 

Motivation is one of the most important factors for the success of 
fitting. Patients with moderate to high refractive errors may be better 
candidates for contact lens wear than those with low degrees of refrac- 
tive error. A good way to make this judgment is to evaluate the number 
of hours per day that the patient wears glasses. Patients who are min- 
imally dependent on glasses in general have a low degree of success 
with contact lens fitting. Poorly motivated patients frequently may not 
care for their contact lenses adequately and may not adapt to the lenses, 
particularly rigid gas permeable lenses. 

General Health 

Allergies 

The patient should be questioned about allergies to medications, foods, 
and other substances. The allergic patient is more susceptible to adverse 
reactions to contact lenses and their maintenance products . 1849 

Diabetes 

In moderate or severe cases of diabetes, there is occasionally corneal 
hypesthesia, leading to a greater propensity for corneal erosion and 
infection. Diabetic patients are not candidates for extended-wear con- 
tact lens use . 20 

Pregnancy and Menopause 

Pregnant women with water retention may be intolerant of a contact 
lens. In general, contact lens fitting should be avoided during preg- 
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nancy. Some patients in menopause may present significant changes in 
the quality and quantity of the lacrimal tear film that may cause contact 
lens intolerance. 

Chronic Respiratory Disease 

Patients with chronic respiratory disease such as asthma, sinusitis, and 
other similar conditions may have difficulty in fitting a contact lens. 
During respiratory crises they may have conjunctival hyperemia, tear- 
ing, light sensitivity, and generalized discomfort that is aggravated by 
the use of contact lenses. 

Psychological Conditions 

It is essential that the contact lens wearer be sufficiently responsible to 
follow medical instructions, including information about the duration 
of wear, contact lens maintenance, understanding of the signs and 
symptoms of contact lens-related problems, the risks of contact lens 
wear, and an understanding of when prompt assistance must be ob- 
tained. 

Medication Use 

The contact lens wearer must be informed also of the medications, ei- 
ther topical or systemic (such as nasal decongestants, diuretics, ben- 
zodiazepines, immunosuppressants, etc.), that may alter the tear film 
and that may contraindicate or make difficult contact lens use. 21 

Ocular Health 

One must ask about the following issues: 

1 . Any previous ocular injury 

2. Lid infection 

3. Conjunctivitis 

4. Cataract 

5. Glaucoma (including family history) 

6. Dry eye 

7. Any surgery to the eye or ocular adnexa 

8. Previous contact lens use 

9. Medication intolerance 

Contact Lens History 

The following contact lens information should be obtained: 

1 . Types of contact lens previously worn 

2. Success and complications with previous lenses 
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3. Reasons for the use of contact lens (cosmetic, spectacle intolerance, 
aphakia, keratoconus, improvement of visual acuity) 

4. Patient occupation (to determine if the patient is exposed to chemical 
products or works in a dirty or dusty environment) 

5. Previous refractive correction 

6. Sports and recreational activities 

Ophthalmic Examination 

Manifest Refraction 
Corneal Curvature 

The procedure most commonly employed is manual or automated ker- 
atometry, which measures the central corneal curvature. One may also 
use photokeratoscopy or computed topography 

Biomicroscopy 

The biomicroscope is used to evaluate the lid, conjunctiva, tear film, 
cornea, iris, pupil, and anterior chamber. 

Tear Film Evaluation (See Chapter 5.) 

Measurement of Palpebral Aperture Height 

The opening of the normal palpebral fissure ranges from 7 to 13 mm 
(average is approximately 10 mm). The size of the palpebral fissure 
may contribute to or detract substantially from stabilization of the lens, 
especially rigid gas permeable contact lenses. Measurement of the pal- 
pebral aperture height is done at the slit lamp, with the patient looking 
at the examiner's ear. It may be accomplished in the following ways: 

• Noting in millimeters, with the help of a ruler, the distance between 
lids. 

• Noting the position of the lid in relationship to the limbus, the lid at 
the limbus is annotated as zero; covering the corner, it is notated in 
millimeters of area covered (for example, + 1, +2 mm), and if sclera 
is left exposed, it is noted as — 1, -2 mm, etc. 7 

Lid Tone 

Lids that are extremely tense or tight may alter the movement of the 
contact lens. There is no precise clinical method to measure lid tension. 
One can estimate lid tension by grasping the lid between the index 
finger and thumb and pulling it away from the globe. It can then be 
classified as loose or tight. Studies have found a relation among lid 
tension, palpebral aperture height, and contact lens fitting character- 
istics. 22 

Blinking 

The examiner should evaluate the frequency and thoroughness of the 
blink. An incomplete blink may change the movement of the lens on 
the eye and the distribution of the tear film, with consequent desicca- 
tion of the cornea and/ or conjunctiva and lens intolerance. 23-27 Normal 
frequency of blinking is 12 to 15 times per minute, which is increased 
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with head movement and is diminished during states of attention, such 
as reading, watching television, driving, and computer use. 28 ' 29 

Corneal Diameter 

The average horizontal diameter is approximately 11.7 mm (varying 
generally between 11 and 12.5 mm). 30 ' 31 The vertical diameter is ap- 
proximately 1 mm less. 31 This is an important measurement in the de- 
termination of lens diameter. 

Corneal Sensation 

Corneal sensation may be diminished in systemic diseases such as di- 
abetes, intrinsic eye disease (herpes simplex keratitis, for example), 
pregnancy, the menstrual cycle, the use of topical or systemic medica- 
tions, or as a result of corneal surgery. 32-40 Contact lens wear may also 
induce decreased corneal sensation. 41-43 Contact lens wearers with de- 
creased corneal sensation may be more prone to corneal erosion and/ 
or infection. Corneal sensation can be grossly evaluated using a wisp 
of cotton or, more precisely, with the esthesiometer of Cochet-Bonnet. 44 

3. What are the criteria for selecting 
candidate patients for the use of an 
extended wear hydrophilic lens? 

The choice of the appropriate patient for hydrogel extended wear is 
based on careful evaluation. Patients must be generally free of both 
systemic and ocular disease. Patients with a history of ocular infections 
or inflammation are not good candidates for the overnight wear of 
contact lenses. Although the overnight wear of contact lenses is con- 
venient, it is necessary that patients are aware of the risk and respon- 
sibilities associated with this modality including: 

1. Increased probability of complications, including infection such as 
corneal ulceration. 45 46 

2. The importance of good ocular and general health and strict adher- 
ence to regimens of contact lens care. 

3. Attending a scheduled follow-up examination every 6 months. 

4. Recognition of and immediate attention to the first symptoms of 
complications. 

5. Removal of the lenses at the first sign of ocular irritation. 

4. When should rigid gas permeable contact 
lenses be used? 

Rigid contact lenses are indicated in the following cases: 

1 . Regular astigmatism greater than one diopter 

2. Irregular astigmatism 

3. Patients with difficulty manipulating a hydrophilic contact lens 

4. Postsurgical fits (e.g., post-refractive surgery, post-penetrating ker- 
atoplasty) 

5. Corneal opacification 

6. Myopia control 
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5. When should spherical hydrophilic contact 
lenses be used? 

Hydrophilic contact lenses may be primarily indicated in the following 
situations: 

1 . Ametropia with minimum astigmatism 

2. Rigid contact lens intolerance 

3. Athletes 

4. Infants with ocular pathologies such as aphakia 

5. Patients with nystagmus 

6. Excessively wide interpalpebral fissure 

7. Patients with large iridectomies 



6. What are the primary ocular 
contraindications to the use of 
contact lenses? 

Before initiating any contact lens fitting for the purposes of optical cor- 
rection, it is important to evaluate the patient's motivation, ocular 
needs, and ocular and medical history. Unmotivated patients tend not 
to adhere to the prescribed methods and care regimens for the contact 
lens, putting them at greater risk of complications. 

Contraindications 

1 . Any acute or subacute inflammation of the anterior segment of the 
eye 

2. Acute and chronic ocular infections 

3. Any eye disease affecting the cornea, conjunctiva, and lids (e.g., epi- 
thelial fragility, endothelial failure, dry eye, allergy, pinguecula, 
pterygium) 

4. Corneal hypesthesia 

5. Uncontrolled glaucoma 

6. Vitreocorneal touch in aphakia 

7. Psychological intolerance to the placement of a foreign body in the 
eye 

All of these contraindications are relative. If any contraindication is 
eliminated, the patient can be reevaluated, remembering that a suc- 
cessful fitting is almost always based on a strong indication. 

7. What are the general contraindications 
to the use of a contact lens for 
optical purposes? 

1 . Any systemic or allergic illness that affects the eye and may be ex- 
acerbated by the contact lens 
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2. Inability to follow the instructions for cleaning, storage, and asepsis 
of the contact lens 

3. Poor personal hygiene (particularly hands and nails) 

4. Inability to understand the risks associated with contact lens use 

5. Low refractive error in a patient reluctant to use glasses 

6. Immunosuppressed patients 

7. The use of systemic medications that may cause changes in the qual- 
ity of the tear film 

8. Pregnancy, nursing, and menopause — circumstances that may be as- 
sociated with contact lens intolerance and refractive instability It 
may be better to wait until the end of pregnancy and lactation in 
order to fit a contact lens 

9. Very old or very young patients who cannot manage insertion, re- 
moval, or contact lens care without assistance 



8. What are the relative contraindications to 
the use of hydrophilic contact lenses? 

1 . Poor vision secondary to uncorrected astigmatism 

2. Problems with handling the contact lens (elderly patients or patients 
with Parkinson's disease, hemiplegia, or rheumatoid arthritis with 
hand malformations) 

3. Exposure to unfavorable environments (extremely dry atmosphere, 
exposure to volatile chemicals, etc.) 

4. Difficulty adhering to the prescribed regimen of contact lens care 

9. What are the relative contraindications for 
the use of rigid contact lenses? 

1. Sports activities — rigid contact lenses may easily dislocate with 
abrupt movements 

2. Discomfort of the rigid contact lenses 

3. Sporadic use 

10. What are the primary professional 
contraindications to the use of contact 
lenses for optical purposes? 

Such contraindications include: 

1. Workers in polluted environments (e.g., mechanics, farm workers, 
bricklayers) 

2. Environments with chemical products (e.g., insecticides, chemical 
fertilizers) 

3. Exceedingly dry atmosphere 

4. Handling of volatile materials 
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The Routine Contact 
Lens Examination 



Newton Kara-Jose, Jr., 
Cleusa Coral-Ghanem, 
and Jeffery Schafer 



1. What are the chief components of the 
ocular examination geared specifically 
to the contact lens patient? 

The routine eye examination for the potential contact lens wearer in- 
cludes taking a careful history, performing a complete examination, and 
evaluating the patient as a candidate for contact lens wear. 

History 

Present illness 

1 . Chief complaint 

2. Systemic and topical medications used 

3. Allergies (seasonal or chronic) 

Previous Medical History and General Health 

Previous Ocular History 

1. History of spectacle use 

• Reason for using glasses 

• Activities for which glasses are used 

• Date of spectacle prescription and the last examination 

2. History of contact lens use 

• Contact lens type 

■ Polymethylmethacrylate (PMMA) 

■ Rigid gas permeable (RGP) 

— Spherical/ toric 

— Single vision/ mono vision/ multifocal 
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■ Hydrophilic (soft contact lens) 

— Spherical/ toric 

— Single vision/ mono vision/ multifocal 
— Cosmetic 
— Therapeutic 

• Wearing Schedule 

■ Daily wear 

■ Flexible wear 

■ Extended wear 

■ Occasional wear 

• Additional contact lens history 

■ Satisfaction with vision and comfort 

■ Average wearing time (hours /day) 

■ Lens replacement schedule (if disposable or planned replace- 
ment) 

■ Disinfection regimen 

■ Reasons for changing the type of contact lens or discontinuation 
of use in the past 

■ Previous contact lens- or solution-related complications 

Family History (Systemic and Ocular) 

Evaluation of the Candidate for Contact Lenses 

1 . Reasons for interest in contact lens wear 

• Cosmesis 

• Sports and hobbies 

• High refractive error, irregular corneas, and/or poor refractive 
surgery outcomes 

• Improved vision 

2. Personal hygiene 

3. Psychological and physical condition 

4. Work environment 

5. Manual dexterity 

6. Financial cost 

7. Patient expectations 

8. Recognition by the user of: 

• Risks and cautionary measures 

• Importance of lens care 

• Importance of follow-up 

2. What are the important aspects of the 
ophthalmic examination in the contact 
lens patient? 

The ophthalmic examination of the contact lens patient should assess 
visual acuity, binocular vision, refraction, and visual field and should 
include examination of the ocular adnexa, the anterior segment, and 
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the dilated fundus. The fit of the contact lenses should be evaluated. 
Patient education on proper lens care and handling should be ad- 
dressed and follow-up visits scheduled. 

Visual Acuity 

1 . Right, left, and both eyes 

2. With and without correction 

3. Distance and near vision 

Binocular Vision Assessment 

1 . Extraocular muscle function 

2. Cover test 

3. Test of accommodation 

4. Ocular dominance 

Refractive Assessment 

1 . Manifest refraction with binocular balance 

2. Baseline keratometry/ corneal topography 

• Quality of mires 

Examination of the Anterior Segment 
and Ocular Adnexa 

External Examination 

1. Entropion /ectropion 

2. Horizontal visible iris diameter 

3. Rate and quality of blinks 

4. Palpebral aperture position and size (measured in mm) 

5. Lacrimal puncta (position and reflux) 

6. Pupil size and function 

Biomicroscopy 

1. Tear film 

• Tear breakup time 

• Schirmer test 

• Lacrimal lake assessment 

2. Bulbar conjunctiva 

3. Tarsal conjunctiva 

4. Cornea 

• Fluorescein staining 

• Limbal vasculature 

• Endothelium 

5. Intraocular pressure 
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Visual Field Evaluation 
Dilated Fundus Examination 

Contact Lens Fit Evaluation 

1. Measure current contact lens parameters. 

• Base curve 

• Power 

• Diameter 

• Thickness 

2. Observe at the slit-lamp biomicroscope. 

• Centration 

• Movement 

• Central fluorescein pattern 

• Edge lift 

• Lid and lens interactions 

3. Evaluate fit and wearing capacity. 

• Comfort 

• Patient satisfaction 

• Ocular reactions to the contact lens 
■ Tearing 

• Photophobia 

• Measurement of visual acuity at distance and near 

Patient Education 

1. Always wash hands before handling lenses. 

2. Perform training in the correct care and handling of the contact lens, 
including insertion and removal. 

3. Explain the importance of cleaning and maintenance. 

4. Provide the patient with written instructions and educational ma- 
terials. 

5. Explain importance of follow-up care. 

6. Remove lens immediately for pain or red eye. 

7. Recommend return visit at any sign or symptom of ocular irritation. 

8. Reinforce proper care at every visit. 

Follow-Up Visits 

1 . Measure visual acuity. 

2. Evaluate lens performance. 

• Lens fit 

• Surface inspection 

• Over-refraction 

3. Evaluate ocular health with slit-lamp biomicroscope. 
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4. Confirm care and handling instructions. 

5. Confirm the parameters of the contact lens. 

Selected Readings 

Bennett ES, Henry VA. Clinical Manual of Contact Lenses , 2nd ed. Philadelphia: 
Lippincott Williams & Wilkins, 2000. 

Horn MM. Manual of Contact Lens Prescribing and Fitting , 2nd ed. Boston: But- 
ter worth Heinemann, 2000. 

Phillips AJ, Speedwell L. Contact Lenses , 4th ed. Boston: Butterworth Heine- 
mann, 1997. 
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The Role of the Ophthalmic 
Assistant in Contact 
Lens Practice 

Dede Reyes, Newton Kara-Jose, and 
Regina Carvalho de Salles Oliveira 



1. What is the role of the ophthalmic assistant 
in the fitting of contact lenses? 

The ophthalmic assistant plays a vital role in ensuring patient satisfac- 
tion and successful adaptation to contact lenses. He or she gathers in- 
formation as well as educates the patient. The information gleaned by 
the assistant helps the fitter select appropriate patients and make ap- 
propriate lens choices. The assistant also educates the patient on rec- 
ommended lens use, compliance, appropriate follow-up, and good 
communication with the lens fitter. Normally, the assistant has more 
time available to listen to patient complaints, concerns, and anxieties. 
His or her role can increase productivity and contribute to the quality 
of the care rendered. This, in turn, increases patient satisfaction and 
good doctor-patient relations. 



2. How should the assistant present himself or 
herself to the patient? 

The assistant needs to be knowledgeable and should present himself 
or herself to the patient confidently. He or she should be well versed 
in contact lenses and lens care products and should have a working 
knowledge of wearing schedules, contact lens designs, and replace- 
ment schedules. 

Grooming is also important. The assistant should perform hand 
washing in front of each patient prior to contact and should have short, 
clean fingernails. The assistant should avoid the use of hand creams or 
lotions, because these can damage the contact lenses and/or cause al- 
lergic reactions in the patient. Perfumes should likewise be avoided. 
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3. What is the function of the ophthalmic 
assistant in relationship to the new contact 
lens user? 

The relationship begins during the history-taking process. The assistant 
obtains information that is vital in making contact lens-related deci- 
sions. During the history-taking process, the assistant has the oppor- 
tunity to observe patient characteristics that may be important in con- 
tact lens use: personal hygiene, profession, age, maturity, and the 
necessity of a contact lens. Patient expectations, motivation for lens 
wear, previous contact lens experience, fears and insecurities, all play 
a role in lens design selection. In addition, information collected about 
the patient's ocular health is also vital. Items such as previous ocular 
surgeries, ocular disease, eye medications, dry eye, previous infection, 
systemic medications, and other ocular dysfunction also affect contact 
lens-related decisions. 

The assistant may also gather technical information such as keratom- 
etry readings, corneal diameter, and palpebral fissure measurements. 

During the trial lens fitting process, after an ideal lens has been se- 
lected by the fitter, the assistant may place the lens in the eye, instruct 
the patient on the lens design chosen, and teach the patient about care 
and handling of the contact lens. The assistant may then make note of 
the position and mobility of the lenses and measure the patient's visual 
acuity. Notes regarding the patient's initial reaction to the lens may also 
be made. 



4. What is the function of the ophthalmic 
assistant relative to the experienced contact 
lens user? 

The assistant may begin with the history, much as with the new wearer, 
including visual acuity with lenses. Information such as wearing time, 
both the regular routine as well as wearing time on the day of the 
examination, time spent not wearing lenses, routine cleaning habits, 
lens solutions, use of eye drops, status of vision after lens removal with 
or without glasses, lens comfort, current source of lenses, verification 
of lens condition and parameters, and any history of contact lens com- 
plications or difficulties must be gathered. If the patient is wearing a 
disposable or planned replacement lens regimen, replacement schedule 
and lens type are also important. 

The assistant may then answer any questions the patient may have 
regarding the contact lenses, care regimen, or wearing schedule. 



5. Can the assistant prescribe contact lenses? 

The assistant cannot prescribe contact lenses, just as he or she cannot 
prescribe eye drops, ophthalmic ointments, and other prescription 
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medications. The contact lens must be fitted by a physician, optome- 
trist, or certified contact lens fitter. All of the data collected by the as- 
sistant must be communicated to the eye care practitioner, who then 
supervises the remainder of the fitting and follow-up care. 



6. What is the function of the assistant in 
relation to the contact lens laboratory? 

The assistant must be prepared to maintain a good relationship with the 
contact lens laboratory. The laboratory provides many services for the 
eye care practitioner including materials, fitting sets, solutions, sam- 
ples, inventory and consulting services, when needed. Ordering contact 
lenses, checking delivery status and availability, stock lens and solution 
ordering and maintenance, and keeping track of new lenses and care 
products available on the market are important functions of the assis- 
tant. 

7. What are the concerns of the assistant for 
the contact lens fitting areas? 

The assistant should keep a well-organized, well-stocked, and clean 
fitting area. This will ensure good organization and hygiene. 



Basic Materials 

A contact lens fitting room should include a hand washing facility in- 
cluding liquid soap, lint-free towels, a drain cover, a large magnifying 
mirror, and good lighting. It is the assistant's responsibility to maintain 
a clean, organized work area. Educational materials such as brochures, 
literature, and videos should also be readily available. 

Contact lenses used for fitting purposes should be disinfected after 
each use unless they are disposable. All reusable lenses should be in- 
spected routinely for damage, contamination, or expiration. 



8. What is the assistant's role in follow-up 
examination of contact lens patients? 

In general, return visits are largely handled by the assistant. On these 
occasions, the assistant has the opportunity to obtain information on 
the condition and management of the patient's contact lenses. Assis- 
tance with problem solving; contact lens handling, including storage, 
asepsis, and adaptation; cautions concerning the use of homemade sa- 
line and tap water; signs of complications; and recognition of danger 
signals may also be reinforced. Any concerns or the detection of ab- 
normal findings are then reported immediately to the eye care practi- 
tioner. 
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9. What role does the assistant play 
in patient compliance? 

By educating the patient in how to avoid contact lens complications 
and reinforcing this with literature, the assistant has the opportunity 
to increase patient compliance. Reaffirming with the patient the appro- 
priate use of solutions, wearing schedule, and signs of contact lens- 
related complications also increases compliance. 

The assistant needs to be available to answer questions, should they 
arise. In cases of complications, where medications are prescribed, the 
assistant may review the prescription with the patient and explain, step 
by step, how to use the prescribed medication or instill drops or oph- 
thalmic ointments. 



10. Can the assistant help in problem solving 
for the patient over the phone? 

The patient should be instructed to telephone the office if questions or 
complications arise. The assistant can answer questions, clarify mis- 
understandings, and triage complication calls for the eye care practi- 
tioner. 

Symptoms of complications include, but are not limited to, pain, red- 
ness, inflammation, halos, vision loss (with or without lenses), exces- 
sive secretions, and post-contact lens blur. Depending on the type of 
complaint, the assistant should not hesitate to communicate concerns 
to the ophthalmologist or optometrist. Should the patient develop 
symptoms of pain, hyperemia, halos, vision decrease, excessive secre- 
tions, or post-contact lens blur, all of which may indicate more urgent 
danger signals, the technician should communicate with the ophthal- 
mologist or optometrist immediately. 



11. How does the ophthalmic assistant 
maintain competence? 

Continuing education is the key to maintaining competence. The assis- 
tant may participate in continuing education courses, use Web sites, 
attend meetings, or read books or trade magazines. National, state, or 
local contact lens education organizations may provide local continu- 
ing education courses. 
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The Importance of Tear F ilm 
Evaluation in the Candidate 
for Contact Lens Wear 

Milton Ruiz Alves, 

Newton Kara-Jose, 
and Kelly K. Nichols 



1. What is the importance of tear film 
in the patient being considered for 
contact lens wear? 

In contact lens wear, the tear film provides a smooth optical surface 
anterior to the contact lens. In addition to optical qualities, the tear film 
lubricates the ocular surface, provides antimicrobial function, helps to 
remove bacteria and devitalized epithelial cells, and acts as a vehicle 
for the diffusion of oxygen, nutrients, and local growth factors to the 
ocular surface. Individuals with symptoms of dry eye should not be 
excluded categorically from the use of contact lenses. However, their 
symptoms may be exacerbated by contact lens use, ambient conditions, 
or specific activities. Careful evaluation of the tear film, both prior to 
and during contact lens wear, is beneficial in promoting success with 
contact lens wear. 



2. When is tear film evaluation indicated 
in a candidate for contact lens use? 

A complete evaluation of the tear film is indicated at each new fitting, 
and a modified evaluation is recommended at follow-up visits. Ancil- 
lary testing is warranted with symptomatic complaints. The diagnostic 
workup for dry eye precedes the fitting of the contact lens and can 
avoid problems or indicate measures to be taken or specific contact 
lenses in such patients. Evaluation of the tear film in contact lens pa- 
tients with complaints of ocular irritation can help define the problem 
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and can help determine appropriate management and treatment if 
needed. 

3. What are the examinations to evaluate the 
tear film in symptomatic patients or those 
with diseases commonly associated with 
keratoconjunctivitis sicca? 

Tests of the tear film can be divided into routine clinical tests and ac- 
cessory or specialty tests. 

Routine Clinical Tests 

Symptom Assessment 

All contact lens patients should be asked if they experience symptoms 
of irritation, either with or without contact lens wear. Dryness and dis- 
comfort with contact lenses worsen with increasing hours of wear time; 
therefore, examining patients in the afternoon or asking about dry eye 
symptoms after several hours of lens wear can help identify mild dry 
eye patients. Contact lens wearers with reduced contact lens wearing 
time can have mild dry disease. 

Slit-Lamp Biomicroscopy 

At the slit lamp, one can observe debris in the tear film; mucous frag- 
ments; corneal and conjunctival epithelial changes; conjunctival vaso- 
dilation; tear meniscus height; and lid, lash, and blink irregularities. 
These evaluations are best performed with white, diffuse light. 

Tear Meniscus Height 

The inferior tear lake (or prism) accumulates at the junction of the bul- 
bar conjunctiva in the inferior lid margin and is approximately 0.3 to 
0.4 mm in height in normal individuals. Significant diminution or ab- 
sence of the tear meniscus, frequently with accumulation of debris, is 
suggestive of lacrimal deficiency. Increased tear debris may also be as- 
sociated with an unstable tear film. A measurement scale in the reticule 
or an adjustable slit beam height can be used to measure tear meniscus 
height. 

Tear Breakup Time 

The fluorescein tear breakup time test evaluates the stability of the pre- 
corneal tear film. Following the instillation of sodium fluorescein (ei- 
ther one drop of liquid 2% sodium fluorescein or fluorescein from a 
saline wetted fluorescein strip), the cobalt filter on the slit lamp is used 
to examine the tear film. The examiner asks the patient to hold the eye 
open after blinking several times. A 3- to 4-mm wide beam is used to 
scan the tear film for the first breakup, or black spot. Tear breakup time 
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is considered borderline if it is less than 10 seconds and frankly abnor- 
mal if it is less than 5 seconds. A nonin vasive test can also be performed 
to determine tear breakup time. Several instruments can be used, such 
as the TearScope, the Xeroscope, or the keratometer. The time in sec- 
onds until distortion in the ring image or keratometric mires is ob- 
served. Noninvasive tear breakup measurements are generally longer 
than fluorescein-based tear breakup time. 

Fluorescein Staining 

Fluorescein dye is used to detect epithelial defects on the anterior sur- 
face of the eye. It is generally accepted that fluorescein penetrates only 
the corneal epithelium at sites of interrupted continuity of the epithelial 
surface. 1 In a normal sample, the inferior cornea is the most common 
location for fluorescein staining, followed by the nasal cornea. 2 The 
evaluation of corneal staining with sequential instillations of fluores- 
cein 3 also revealed that nasal and inferior regions of staining were the 
most common and occurred more frequently in the morning and late 
afternoon. While some degree of corneal staining is frequent in contact 
lens wearers, 4 moderate to severe staining may warrant contact lens 
modification or therapeutic management. Fluorescein staining is en- 
hanced with the use of a No. 12 Wratten barrier filter that blocks extra- 
neous light and highlights staining patterns. 5 

Rose Bengal or Lissamine Green Staining 

Devitalized cells on the cornea and conjunctiva and mucus in the tear 
film are detected using 1% rose bengal or 1% lissamine green (liquid 
or wetted strip). The areas of compromise are highlighted by red punc- 
tate staining (rose bengal) or blue-green punctuate stain (lissamine 
green) in the exposed areas of the cornea and conjunctiva. Rose bengal 
stings slightly on instillation, which does not occur with lissamine 
green dye. Lissamine green is suitable for staining degenerate cells, 
mucus, and dead cells with identical staining patterns to rose bengal. 6 
Rose bengal staining patterns are classically graded on a 0 to 3 graded 
scale proposed by van Bijesterveld, where three regions of the inter- 
palpebral ocular surface are assessed (the triangular wedge of the nasal 
interpalpebral conjunctiva, the corneal surface, and the wedge of the 
temporal conjunctiva). The grade of each region is summed, and a score 
greater than 3.5 is considered indicative of dry eye. 7 

The Schirmer Test 

The Schirmer test measures tear secretion from the lacrimal gland and 
measures both the basal and reflex tear production. The result is normal 
when, after 5 minutes, 10 mm or more of the filter paper strip is satu- 
rated with tears. Schirmer results with anesthesia are lower than results 
without anesthesia; therefore, the use of anesthetic with the Schirmer 
test is generally not recommended. 8 The Schirmer I test is generally 
considered to be a measurement of total (reflex and basic) tear secretion, 
while the Schirmer II test is regarded as a test of induced reflex secre- 
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tion. 9 Historically, the Schirmer I test is performed with an open eye. 
The Schirmer II test requires irritation of the nostril on the same side 
with a cotton swab fiber. 8 Schirmer values of less than 5 mm/5 minutes 
have been considered to indicate low tear production; however, many 
authors report different cutoff values ranging from <3 10 to <10 mm/5 
minutes. 11 Many attempts have been made to improve the accuracy of 
the Schirmer test, and controversy exists over its usefulness. Despite 
this disagreement, the Schirmer test remains the primary method of 
assessing tear production. 

Phenol Red Thread Test 

The phenol red thread test, first described in 1977, is an alternative to 
the Schirmer test. 12 The thread test was developed in response to two 
main problems inherent in the Schirmer test: the length of time neces- 
sary to perform the Schirmer test (5 minutes) and the potential influ- 
ence of reflex tears secondary to irritation of the palpebral conjunctiva. 
Hamano and coworkers 13 developed a test using a No. 40/2 thread 
impregnated with phenol red dye. The thread is 70 mm in length, and 
the test is 15 seconds in duration, with the eye open. Recently, the Zone 
Quick phenol red thread test has become commercially available from 
Menicon, Inc. and is fast and easy to perform. The abnormal values for 
the phenol red thread test are <10 mm wetting per 15 seconds in the 
open eye condition. 



Accessory Dry Eye Tests 

Lacrimal Clearance Test 

This test constitutes a variation on the Schirmer II test. In this test, one 
instills a drop of topical anesthetic, and, after removing the excess, a 
drop of sodium fluorescein 0.25% is placed in the inferior cul-de-sac 
while the patient blinks normally. One then proceeds with a Schirmer 
test for 1 minute every 10 minutes. Clearance is normal when the color 
clears after the second paper strip. After 30 minutes, one should per- 
form nasal stimulation and a new Schirmer test. Basal secretion is con- 
sidered normal if the first two strips of paper are wet to at least 3 mm. 
Reflex secretion is considered normal if, at the last test, the paper is 
wetter than the two previous tests. 

Osmolarity 

Increased osmolarity of the tear film may lead to interpalpebral surface 
damage and, therefore, dry eye. The concentration of the tear film due 
to increased evaporation of the tear film results in increased osmolarity 
of the tear film over the ocular surface and has been associated with 
keratoconjuctivitis sicca. 14 The rise in tear film osmolarity is proposed 
to cause the movement of fluid out of the epithelial calls and lead to 
cellular damage. 15 The cutoff point proposed by Gilbard for dry eye 
diagnosis is 312 mOsm/L, with higher values reflecting dry eye. Newer 
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nanoliter osmometers are more portable, require smaller tear samples, 
and have automated calibration, all of which indicate potential clinical 
promise in dry eye diagnosis. 

Lysozyme Agar Diffusion Test 

This test employs disks of No. 41 Whatman filter paper that have been 
soaked in tears and are placed on agar previously inoculated with a 
suspension of Micrococcus lysodeikticus. A zone of lysis surrounding the 
disk of paper in 24 hours indicates the antibacterial activity of tear 
lysozyme. The production of lysozyme parallels lacrimal secretion and 
is a test that provides information on the function of the lacrimal 
glands. Lysozyme disappears prematurely in Sjogren syndrome. The 
test is well correlated with the concentration of tear lactoferrin. 

Lactoferrin Level Measurement with Lactoplate® or the 
Touch Tear MicroAssay System® 

Lactoferrin is one of the principal proteins secreted by the lacrimal 
gland. Its concentration can be determined by measuring concentric 
circular precipitate after 72 hours of incubation at room temperature. 
There is a correlation between the concentration of lactoferrin and the 
quantity of tears secreted. It is both sensitive and specific in the eval- 
uation of cases of keratoconjunctivitis sicca. In using lactoferrin anal- 
ysis, a measurement of <0.9 mg/ juL is indicative of dry eye and has 
been highly associated with moderate to severe dry eye patients. 16 The 
Touch Tear MicroAssay System® is also a solid-phase enzyme immu- 
noassay that requires a tear sample of 1 to 2jliL. Once collected, tear 
samples can be stored up to 14 days. The instrument requires 15 min- 
utes for the process. 

Conjunctival Impression Cytology 

Millipore filter paper of cellulose acetate (with 0.02-pm pores) can be 
employed to assess conjunctival goblet cell density. The filter paper is 
cut into strips approximately 5 X 5 X 10 mm in size. After instillation 
into the inferior cul-de-sac of one drop of proparacaine or a similar 
anesthetic, with the aid of a forceps, the pieces of filter paper are 
pressed against the nasal, temporal, inferior, and superior bulbar con- 
junctiva. Pressure is applied to the paper for 2 to 3 seconds. The filter 
paper containing the conjunctival specimen is then fixed for 10 minutes 
in a mixture of 70% ethyl alcohol, 37% formaldehyde, and glacial acetic 
acid in a proportion of 20:1:1. Subsequently, each paper containing the 
material to be studied is stained, using periodic acid-Schiff (PAS), he- 
matoxylin and eosin, and Papanicolaou. Under the light microscope 
(200 X ), the epithelial cells are evaluated for morphology and density. 
Nelson (1988) classified impression cytology of the conjunctiva in 
grades: Grade 0 denotes small, round endothelial cells with eosino- 
philic cytoplasm with a nuclear cytoplasmic ratio of 1 :2 and abundant 
goblet cells. Grade 3 is large, polygonal endothelial cells with basophilic 
cytoplasm and a nuclear cytoplasmic ratio of less than 1:6 and the num- 
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ber of goblet cells reduced or absent. Grades 1 and 2 are considered 
normal. 

Serologic Testing 

Approximately 80% of individuals with severe dry eye have antinu- 
clear antibodies (ANAs) and antibodies A and B in Sjogren syndrome 
(SS-A and SS-B). Approximately 50% of patients with keratoconjunc- 
tivitis sicca without evidence of connective tissue disease are ANA and 
rheumatoid factor positive, and SS-A and SS-B antibodies are found 
in one third of these individuals. Serologic studies for infection with 
Epstein-Barr virus in patients with Sjogren syndrome suggested recur- 
rent infections in some of these patients. 

Salivary Gland Biopsy 

This is the most specific test for confirmation of Sjogren syndrome. 
Histologically, the finding of lymphocytic foci in the accessory salivary 
glands is virtually diagnostic of the disease. There is a correlation be- 
tween the number of lymphocytic foci and the severity of the disease. 

4. When do the results of tear film evaluation 
contraindicate the use of contact lenses? 

In mild dry eye patients, contraindication to the use of contact lenses 
is relative. The user may have mild-to-moderate discomfort while 
wearing lenses and limitations with regard to wearing time. In addi- 
tion, rigorous daily lens hygiene may be needed. If tear function is 
clearly inadequate, hydrophilic contact lenses tend to dry the eye fur- 
ther, form deposits on their surface, and irritate the corneal surface. 
Artificial tears can be instilled to maintain adequate lens hydration and 
corneal lubrication. In such cases, the fitting of a low-water-content lens 
may encourage complete and frequent blinking and so avoid the use 
of drugs that interfere with lacrimal secretion. Proclear Compatibles® 
(Cooper Vision) and Extreme H 2 0 (Hydrogel Vision Corp.) are two 
hydrogel lenses marketed toward the mild-to-moderate dry eye pa- 
tient. Silicone hydrogel lenses are also being used as a dry eye alter- 
native. Certain situations can be improved by changing systemic med- 
ication, teaching the patient to blink more frequently and completely, 
or even surgically correcting an excessively large interpalpebral space. 
The presence of severe dry eye constitutes an absolute contraindication 
to the use of contact lenses (with the exception of therapeutic contact 
lenses in selected cases). 

5. What short-term changes in the tear film 
are induced by the use of a contact lens? 

The insertion of a contact lens into the tear film causes short-term fluc- 
tuations in the stability of the tear film, with a possible decrease in 
osmolarity due to the contact lens storage solutions and reflex tearing 
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due to lens insertion. There are also mild short-term fluctuations in the 
tear film pH. It is thought that the pre-contact lens tear film differs 
from the post-lens tear film once the tear film has stabilized. The pre- 
lens tear film is postulated to be lipid and slightly aqueous, while the 
post-lens layer is composed of mucin and aqueous. 



6. What is the effect of the "lacrimal pump" 
on corneal oxygenation? 

A supply of oxygen to the cornea is a prerequisite for the maintenance 
of aerobic metabolism, which supplies energy for the maintenance of 
the cornea's normal state of deturgescence. The oxygen arrives at the 
cornea from the atmosphere as well as through the bloodstream. Ox- 
ygenation is associated with blinking and is a factor of minor impor- 
tance in the case of a hydrophilic contact lens when less than 5% of the 
tears is exchanged with each blink. This is different from what occurs 
in the rigid contact lens, in which case 20% of the tear volume is ex- 
changed with each blink. Nevertheless, the lacrimal pump has impor- 
tance even in hydrophilic contact lens wear because it permits removal 
of the debris and other products of the metabolism of the surface. 



7. What contact lens materials are most 
likely to develop surface deposits? 

Deposits can occur in all types of contact lenses, although deposits are 
more likely to form on the surface of hydrogel contact lenses. There are 
two classification systems for hydrogel lens materials worldwide: the 
U.S. Food and Drug Administration (FDA) and the European Inter- 
national Standards Organization (ISO) system. In using the FDA sys- 
tem, FDA group IV (high water, ionic) hydrogel lenses are likely to 
develop protein deposits, while FDA group II (high water, nonionic) 
hydrogel lenses deposit predominately lipid. The polymethylmethac- 
rylate (PMMA) contact lens is not subject to deposits except in cases of 
corneal surface irregularity. Deposits easily adhere to the rigid gas per- 
meable lens due to problems with wetting of the surface. 



8. From what parts of the tear film do contact 
lens deposits originate? 

The substances responsible for the formation of deposits may originate 
in any of the layers of the tear film. The aqueous layer of the tear film 
is composed of 98% water; 2% is mineral content, including electrolytes 
such as potassium, chloride, and calcium, as well as organic com- 
pounds. Included in these organic compounds are proteins, and of 
these proteins, lysozyme has a special attraction to the materials from 
which hydrophilic contact lenses are made. Lipids produced by the 
meibomian glands also deposit on contact lenses, as do products of the 
mucin layer. 
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9. What types of deposits are encountered 
on contact lenses? 

Organic Deposits 

1. Proteins (lysozyme, lactoferrin, albumin, immunoglobulin A [IgA], 

IgG) 

2. Lipids 

3. Mucin 

4. Carbohydrates 

5. Mixed-composition substances (calculi = lipid, calcium, protein) 

6. Microorganisms 

7. Pigments (e.g., melanin) 

Inorganic Deposits 

1 . Calcium salts 

2. Salts of iron oxides 

3. Mercury 

4. Color changes (e.g., pigmentation due to dyes, makeup, tobacco 
smoke) 

10. What organic deposits are most 
commonly encountered in contact lenses? 

Proteins 

The most common deposit is lysozyme, which is attracted by the ionic 
content of the material of hydrophilic lenses. Protein deposition ap- 
pears as a white, partially opaque deposit that is very thin and super- 
ficial. It can also be transparent and recognizable only when it starts to 
separate from the lens surface or as the lens dries. Protein deposits are 
primarily on the lens surface but can penetrate the lens matrix of high 
water content lenses. The adherence of protein is stimulated by dry 
zones on the lens surface, which can be caused by poor lubrication or 
incomplete blinking. The presence of these deposits can lead to giant 
papillary conjunctivitis. 



Lipids 

When deposited on contact lenses (the tears contain abundant quanti- 
ties of lipid), lipid facilitates the formation of other types of deposits 
and decreases the wetting of the contact lens, causing poor distribution 
of the tears on the anterior surface. Lipid deposition can be prevented 
with the daily use of surfactant cleaning solution and lid hygiene. 
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Mucopolysaccharides 

Of mixed composition (carbohydrates, mucin, proteins, and inorganic 
substances), mucopolysaccharide deposits range in color from white to 
amber and can produce significant discomfort. 



Pigments 

In hydrophilic contact lenses, most pigment deposits vary in coloration 
from yellow to brown. They generally begin at the borders and move 
gradually, covering the entire contact lens. It is thought that these pig- 
ments originate from melanin. Their removal with oxidizing agents 
may alter the structure of the contact lens. 



Microorganisms 

The bacteria most commonly associated with the use of contact lenses 
are Pseudomonas aeruginosa , Staphylococcus aureus, and Staphylococcus ep- 
idermidis. Fungi can deposit on the surface, followed by filamentary 
growth that can penetrate the contact lens and destroy it. Fungi can 
often be seen with a loupe or with the slit lamp. Deposits on the contact 
lens provide nutrients for colonization by microorganisms. In recent 
years, infections with Acanthamoeba associated with soft contact lens 
wear have gained importance because of their gravity. 
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Comeal Topography 
and Contact Lenses 

Michael Twa, Cleusa Coral-Ghanem, 
and Breno Barth 



1. What is the shape of the normal cornea? 

The shape of the normal cornea is not spherical but aspheric (Color 
Plate 1). The central 6-mm portion of the cornea, called the central cor- 
neal cap, is approximately spherical. However, the corneal curvature 
flattens progressively toward the periphery. The resulting shape is a 
prolate aspheric surface, (Figure 6.1). The average shape of the anterior 
corneal surface is a prolate asphere with a central radius of 7.7 mm that 
is slightly steeper (7.95 mm) in the vertical meridian. 12 The prolate 
shape effectively reduces spherical aberration of the eye. Although this 
aspheric shape has optical benefits, it complicates contact lens design. 




B 




Prolate 



Sphere 




Oblate 



Figure 1. Diagram demonstrating the shape relationship of the 
aspheric prolate cornea to a sphere. B: Diagram illustrating the rela- 
tionships among the shapes. 
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Consequently, contact lenses consist of a central optical portion and a 
peripheral portion designed to provide proper alignment, position, and 
adequate movement of the lens on the eye. There is great variation in 
corneal shape within the normal population due to corneal size, astig- 
matism, influence of eyelids, and other factors. Videokeratography is a 
useful tool for describing the form of this important optical structure 
of the eye. 

2. What are the methods for evaluating 
the anterior profile of the cornea? 

The most common methods of measuring corneal shape are keratom- 
etry, videokeratography, and anterior segment analysis. 

Keratometry 

Keratometry measures central corneal curvature at two points within 
the central 2 to 4 mm (3 mm on average) of the cornea and does not 
measure the mid-peripheral or peripheral cornea. Keratometry is a 
rapid and accurate method of determining curvature of the central cor- 
neal cap that is useful for estimating the overall optical power of the 
cornea. Keratometry measurements are less repeatable with abnormal 
corneal shapes distorted by injury or diseases that distort corneal shape 
such as keratoconus. While keratometry normally provides no infor- 
mation about the peripheral corneal shape, the normal clinical proce- 
dure can be modified to measure peripheral corneal curvature. 3 

The principle of keratometry relies on the reflective optical properties 
of the cornea. The reflective surface of the cornea produces a virtual 
image the size of which is a function of the corneal radius of curvature. 
The keratometer employs the doubling principle. The reflected image 
is split into two images using a semisilvered mirror and a series of 
prisms. The relative displacement of the two images is then adjusted 
until the top of one image is coincident with the bottom of the second, 
as described below. 

The figure demonstrates the mires as viewed from the practitioner's 
side of a conventional keratometer. The task is to align the mires at the 
9 o'clock position of the lower right hand circle to measure the hori- 
zontal meridian and at the 12 o'clock position of the lower right hand 
circle to measure the vertical meridian. 

The specific procedure is as follows: 

1 . Ask the patient to place his or her chin in the chin rest and forehead 
against the headrest. 

2. Have the patient fixate on the reflected image of his or her eye or 
the target in the instrument. 

3. With the keratometer in the straight-ahead position, sight down the 
instrument vertically until the leveling sight is aligned with the 
patient's temporal canthus. 

4. Occlude the eye not being tested. Release the knob for locking the 
instrument and rotate the instrument until it points directly at the 
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eye to be tested. Instruct the patient to look into the instrument 
where he or she sees a reflection of his or her own eye. 

5. Adjust the focus of the instrument until the image of the mires is 
clear. 

6. Make fine vertical and horizontal adjustments necessary to place 
the reticule cross near the center of the lower right mire image. 

7. Lock the instrument in place. 

8. Rotate the instrument (to locate the horizontal or near horizontal 
principal meridian) until the horizontal bars of the two crosses to 
the left of the focusing mire are aligned. Maintain clarity of the 
image during this step by continual refinement of the focus. 

9. Turn the horizontal measuring knob (on the left of the instrument) 
until these two crosses are superimposed. 

10. Direct attention to the two horizontal lines above the focusing mire 
and turn the vertical measuring knob (on the right of the instru- 
ment) until these lines are superimposed. 

1 1 . Record the median readings as, for example: 

• 43.00/44.75 @ 090, mires regular or distorted, or 

• 43.00 @180, 44.75 @ 090, mires regular or distorted 

The keratometer measures an area of the central cornea with a di- 
ameter of approximately 3.50 to 3.75 mm. Curvatures approaching 
50.00 D should raise the suspicion of keratoconus, and inferior steep- 
ening and/ or excess superior flattering may indicate a keratoconus sus- 
pect. If the corneal curvature is too steep, a plus lens can be placed over 
the opening on the mire face of the standard keratometer and secured 
with tape or special lens holder. A minus lens can be placed for cur- 
vature flatter than the standard range. Conversion tables are available 
for extending the range of the keratometer using these lens additions. 
A hand-held keratometer (Alcon Laboratories, Ft. Worth, TX) is also 
available for general patient use in bedridden, obese, aged, or young 
patients who may be difficult to position behind a standard table 
mounted device. 

Videokeratography 

Also commonly referred to as corneal topography, computer-assisted 
videokeratography instruments measure approximately 95% of the cor- 
neal surface. These measurements produce elevation and curvature 
maps of the anterior corneal surface. A circular pattern of concentric 
rings known as a Placido disk is the basis of most clinical instruments 
(Figure 6.2). Corneal shape is derived from distortion of the reflected 
circular rings. (Figure 6.3). Other instruments such as the Orbscan II 
(Bausch & Lomb, Rochester, NY) or CTS (Medtec, Columbus, OH) mea- 
sure the shape of the corneal surface directly by triangulating individ- 
ual points on the cornea. The CTS projects a grid onto the corneal sur- 
face and corneal shape is calculated from deflection of the grid by 
triangulation of grid intersections (Figure 6.4). The Orbscan records 
diffuse reflection of slit-illumination scans of the cornea. Corneal shape 
is reconstructed from triangulation of points along these edges. Re- 
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Figure 2. Placido disk. 




Figure 3. Placido disk rings reflected off the cornea. 



gardless of method, it is possible to generate both elevation and cur- 
vature maps from any of these clinical instruments. 

Anterior Segment Analysis 

Clinical instruments are now available that can measure anterior cur- 
vature, posterior curvature, total corneal thickness, and anterior cham- 
ber depth. The Orbscan II (Figure 6.5) was the first instrument to pro- 
vide this additional information. The Astramax (Figure 6.6) is another 
instrument designed to measure the anterior and posterior corneal 
shape, corneal thickness, pupil size, and anterior chamber depth. 
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Figure 5. Orbscan. 



3. What are the indications for computed 
topography of the cornea? 

1 . Refractive instability 

2. Reduced best spectacle corrected visual acuity 

3. Contact lens wear, especially rigid lenses 

4. Design and simulation of rigid contact lens fitting 

5. Diagnosis of contact lens-induced corneal distortion 

6. Management of therapeutic and refractive corneal surgeries 

7. Diagnosis and management of corneal disease such as keratoconus 



- 
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Figure 6. Astramax. 



8. Determination of corneal power for correct intraocular lens (IOL) 
power calculation in cataract surgery 

9. Evaluation of corneal surface abnormalities and determination of 
their affect on the optical quality of the eye 



4. What is a good way to interpret 
videokeratography maps? 

Orient yourself to videokeratography maps before attempting inter- 
pretation. 

• First, determine the type of map. The three most common maps are 
axial curvature, tangential curvature, and elevation maps. Each map 
provides different information about corneal shape and will have a 
different appearance even for the same eye. Color Plate 2 shows an 
example demonstrating the variety of possible maps for the same 
eye. 

• Second, determine the numerical range and size of the steps repre- 
sented by the color scale associated with the corneal map. The color 
scale is like the map legend; without it, one has no idea what value the 
colors represent. The color scale is crucial to correct interpretation. The 
units of a color scale for elevation maps is usually microns; curvature 
maps are normally represented in either diopters or millimeters. 

• Third, consider possible artifacts that may explain unusual maps 
when clinical findings from videokeratography are inconsistent with 
expectations and other clinical test results. Several common artifacts 
can influence the appearance of videokeratography maps including 
eyelids and eyelashes, tear debris, contact lens wear, instrument 
alignment, and focus. Clinicians should always consider these factors 
during map interpretation. It is easier to identify these artifacts when 
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the raw video image of the eye is included in the printout. For ex- 
ample, in Color Plate 5 A and 5B, the same eye is presented with the 
instrument in correct focus and in poor focus with the Placido mires 
too far away from the eye. Artifacts can be caused by tear debris and 
eyelashes. 



5. What is the difference between the different 
types of corneal topography maps? 

Axial radius of curvature for any point on the corneal surface is defined 
by the radius of a sphere fit to that point and centered on the instrument 
axis (Figure 6.7A). Tangential curvature maps do not force the center 
of curvature of the best fitting sphere to lie along the instrument axis 





Figure 7. Axial radius of curvature. B: Tangential radius of curvature. 
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(Figure 6.7B). Elevation maps commonly represent deviation of the cor- 
neal surface from a reference spherical surface (Figure 6.1 A). 

Axial Curvature Maps 

Areas of greater curvature are represented by red and orange (warm) 
colors and regions of flatter curvature are represented by green and 
blue (cool) colors. In standard keratometry, the size of a reference object 
reflected from the corneal surface is proportional to the curvature of 
the outer eye. Axial curvature maps approximate corneal curvature by 
applying these same principles and assume that all corneal surface fea- 
tures have a center of curvature lying on the measurement axis of the 
instrument. This assumption results in curvature maps that change 
more gradually from center to periphery. Axial curvature maps de- 
scribe the mean shape of the cornea well but do not detect localized 
surface features very well. The axial curvature map of a normal corneal 
surface with a prolate aspheric shape is shown in Color Plate 1 . 

With axial curvature maps, corneal astigmatism produces a sym- 
metric pattern called a "bow tie" (Color Plate 3). The orientation of the 
steep meridian of this axial bow tie indicates the axis of the correcting 
lens in plus cylinder notation. Corneal toricity that is steeper in the 
vertical meridian represents with-the-rule astigmatism. Against-the- 
rule astigmatism occurs when the steep meridian is oriented horizon- 
tally. Regularity and symmetry of this pattern is an indication of normal 
corneal shape. Abnormal corneal shape altered by disease, trauma, or 
even contact lens wear is typically more irregular and has asymmetric 
patterns that are more easily seen with other maps. 

Tangential Curvature Maps 

Tangential curvature maps describe localized changes of corneal cur- 
vature more accurately than the axial maps. A red color on a tangential 
curvature map represents areas of greater curvature, while blue rep- 
resents less curvature. Also known as local curvature, tangential cur- 
vature maps are useful to demonstrate the location and dimensions of 
corneal surface features. Tangential maps are useful for locating the 
apex of corneal steepening in keratoconus, boundaries of a treatment 
zone after corneal refractive surgery, pterygia, and corneal scarring. 
One disadvantage is that tangential curvature maps are susceptible to 
artifacts and overinterpretation. Even minor surface anomalies caused 
by mucus, tear breakup, or other tear debris can influence corneal shape 
in tangential curvature maps. 

Elevation Maps 

Elevation maps are interpreted differently from axial or tangential cur- 
vature maps. An average cornea may have as much as 0.25 mm or 250 
jam of sagittal depth from apex to periphery. To appreciate this rela- 
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tively small variation in elevation occurring over a 9-mm corneal di- 
ameter, the anterior corneal surface is usually compared to the best fit 
of a sphere (Figure 6.1A). The resulting elevation map values represent 
the difference between the front surface of the cornea and the spherical 
reference surface. 

It is important to remember that colors do not represent curvature 
in elevation maps. In elevation maps, the red color signifies elevation 
above an established reference surface but can correspond with either 
steep or flat curvature. In fact, for an astigmatic corneal surface, the 
meridian of steeper curvature often corresponds to elevation below a 
spherical reference surface, and regions of flatter corneal curvature cor- 
respond to elevation above a best fit reference sphere. The "bow-tie" 
pattern of an axial curvature map of an eye with astigmatism becomes 
a "biscuit" shape on the elevation map. Elevation maps are useful when 
interpreting fluorescein patterns beneath a rigid contact lens and also 
for making a differential diagnosis of corneal ectasia. 

6. What are the most commonly used maps 
for contact lens fitting? 

Axial (sagittal), tangential (local) curvature, and elevation maps are ah 
commonly used for contact lens fitting. Each of these methods has ad- 
vantages and specific applications for contact lens fitting. 

Axial curvature maps provide good information about the average 
shape of the cornea. Thus, axial curvature maps can be very useful for 
selecting contact lens parameters especially posterior curvature during 
a rigid contact lens fitting. Corneal astigmatism significant enough to 
influence contact lens design (>1.00 D) is easily seen in axial curvature 
maps. 

Tangential curvature maps are helpful for locating the size, shape, 
and position of specific features on the corneal surface. Tangential maps 
can guide contact lens design by providing a better estimate of the 
location and severity of surface features that might require special at- 
tention. Some of the features that can be easily identified are pterygia, 
keratoconus, and corneal scars. The better resolution of tangential cur- 
vature maps can also give clinicians a basis for judging the impact of 
local surface features on vision. 

Elevation maps provide an excellent way to simulate contact lens 
alignment to the corneal surface. Most videokeratography instrument 
manufacturers include contact lens fitting modules that simulate fluo- 
rescein pooling patterns behind rigid contact lenses. These software 
modules estimate the elevation difference (in microns) between the 
back surface of the contact lens and the corneal surface elevation map. 

Example 

A 34-year-old man with normal ocular health presented for cosmetic 
rigid gas permeable contact lens fitting. Both tangential and axial cur- 
vature maps were generated from a videokeratography examination. 
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There were no irregular surface features detectable by tangential cur- 
vature maps. The mean shape of the cornea was prolate, with a 6-mm 
diameter spherical central corneal cap and a central curvature of 43 D. 
Posterior central curvature of the first trial lens was selected from the 
axial curvature value measured 2.5 mm from center (5-mm diameter). 
A 9-mm diameter lens with a 6.2-mm optical zone was designed with 
flatter intermediate and peripheral curves. The fit to the corneal surface 
was simulated using an elevation map. Simulated fluorescein patterns 
suggested the lens design would provide good alignment centrally 
with pooling in the periphery. Simulated fluorescein patterns for lenses 
steeper and flatter than alignment are seen in Color Plates 4 and 5. 



7. What are the specific programs for fitting 
contact lenses? 

Refractive surgery and contact lens design were the two primary ap- 
plications that drove the development of videokeratography technol- 
ogy. 45 The availability of affordable powerful personal computers and 
video cameras accelerated the development of this imaging technology 
in the late 1980s. 6 Software programs for the fitting of contact lenses 
are included by every equipment manufacturer; each has its own spe- 
cific options and advantages. 

There are several ways to use these programs. For inexperienced con- 
tact lens fitters, the software routines can offer a flexible, inexpensive, 
and friendly environment for simulating the effects of contact lens mod- 
ifications on lens alignment. Experienced contact lens fitters may find 
these programs inefficient for routine fitting. However, despite their lim- 
itations, even experienced users may find fit simulations provide valu- 
able insight for challenging cases with irregular corneal surfaces. 

Use of these programs is helpful and may reduce the number of lens 
design changes required during trial fitting. Most contact lens design 
programs suggest optimal design parameters based on measured cor- 
neal shape, provide the details of these design parameters, allow mod- 
ification of lens design using custom parameters, and even provide 
simulations of the expected fluorescein pattern. Most automated fitting 
routines suggest a central posterior curve for the contact lens, the di- 
ameter of the optical zone, lens power, and the type of material. An- 
other benefit of contact lens design through videokeratography soft- 
ware is the option to submit orders directly to manufacturing 
laboratories. One of the most significant limitations of fitting contact 
lenses by this approach is an inability to account for lens mass, trans- 
lation, and lid interactions. 

Each program has a variety of options and additional features, and 
all have continued to evolve over time. Following is a description of 
some of the more common programs used for contact lens fitting. 
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Keratron Scout (Optikon 2000, Rome, Italy) 

The Keratron is currently produced as a tabletop instrument and as a 
portable hand-held instrument. The software used to analyze video- 
keratography images and calculate contact lens parameters is the same 
for both instrument platforms. 

The contact lens design module is flexible, allowing clinicians to cre- 
ate their own library of fitting lenses from 32 different materials, choose 
lenses from standardized fitting sets, or design contact lenses using 
custom lens parameters. Default lens parameters are recommended by 
the software based on curvature or elevation criteria selected by the 
user. Toric lens design parameters are suggested by the software above 
a user-defined threshold of corneal astigmatism. 

The Keratron contact lens software allows the user to simulate lens 
decentration and recalculates the predicted fluorescein pattern for the 
new lens location. In addition, lid effects or other mechanical influences 
on lens alignment can be estimated using tilt buttons located at the 
edge of the lens to simulate pressure at four peripheral locations. Other 
contact lens design programs are available to work in conjunction with 
the Keratron instrument. Using the same corneal shape data, software 
designers have created plug-in software design modules that create 
advanced contact lenses for orthokeratology, bifocals, bitorics, and 
other designs. 

TMS-1 (Topographical Mapping System 1, 

Computed Anatomy, Inc.) 

The TMS program makes it possible for the contact lens designer to 
choose one of three types of contact lens: Boston®, Paragon®, or Men- 
icon®. Depending on the type of contact lens chosen, the software, 
based on proprietary algorithms, supplies the diameter, base curve, 
peripheral zone, and refractive power of the contact lens. These data 
can be found on the fluorescein map that appears on the monitor. In 
another quadrant of the map, one may observe fluorescein clearance 
represented graphically and demonstrating the relationship between 
the anterior cornea and the posterior surface of the contact lens in all 
of the meridians. The parameters provided in this diagram include the 
diameter of the contact lens, the diameter of the posterior optical zone 
in millimeters, central posterior curvature in diopters, and the keratom- 
etry. With the data provided by this software, one can choose a trial 
lens for the patient and examine the lens at the slit lamp. The fluorescein 
pattern expected should be similar to that seen on the monitor. One 
study that evaluated the role of corneal topographers in contact lens 
fitting concluded the TMS-1 program is useful in choosing the contact 
lens type but emphasized that the clinical evaluation is absolutely nec- 
essary for successful fitting. 7 
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Fitscan 

This is the contact lens fitting software of the Orbscan II(®) (Bausch & 
Lomb Surgical, Rochester, NY). This program is a rigid contact lens 
fitting software module. By setting the software to individual prefer- 
ences, the user can constrain the initial lens selection to match the cor- 
neal surface features as closely as possible. The two methods of defining 
lens fit characteristics are: 

1 . Selecting minimum and maximum posterior lens clearance from the 
corneal surface. 

2. Assigning default lens parameters such as optical zone radius, sec- 
ondary and peripheral zone width, and curvature values. 

The software calculates and displays a simulated fluorescein pattern 
of the resulting lens. These values are a good starting point for most 
patients. However, the user may modify these lens parameters and 
recalculate the simulated fluorescein pattern to improve the fit. 

The Fitscan software also allows simultaneous display of the simu- 
lated fluorescein pattern as well as the videokeratography map that is 
useful for comparing elevation or curvature maps with the simulated 
contact lens design. When the simulated contact lens fitting is complete, 
a summary screen containing the final contact lens design specifications 
can be printed or e-mailed directly to the contact lens manufacturing 
lab. 

EyeSys System 2000 Pro-Fit Software (v. 4.0) 

The EyeSys Pro-Fit program performs a sagittal analysis that considers 
the contact lens sagittal depth and touch in all meridians for the specific 
patient. The system calculates a central posterior curve, an optical zone, 
and a fluorescein pattern. These data are obtained by way of formulas 
developed for the anterior surface of the cornea and the posterior sur- 
face of the contact lens. The contact lens parameters are based on mea- 
surements of both the central and peripheral corneal shape. 

Humphrey Atlas MasterVue Contact Lens Module 
(v. A6) 

This program employs algorithms to calculate data on corneal elevation 
and the thickness profile of the tear film. It uses adjusted keratometry 
based on simulated keratometry (Sim K). Contact lens design is based 
on the corneal "shape factor," which describes how aspheric the cur- 
vature is relative to a normal cornea. This is especially useful for eyes 
that have had refractive surgery for the correction of myopia (oblate 
corneas) or hyperopia (increased prolate shape). 

One study comparing the efficiency and accuracy of two rigid gas 
permeable contact lens fitting programs — Humphrey and EyeSys — 
demonstrated equal success with the two systems: 82% in the Hum- 
phrey system and 82.9% in the EyeSys. 8 The lens specifications most 
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often modified from the suggested software design were contact lens 
power in both systems and optical zone in the Humphrey Atlas. 

Dicon CT-200 

The contact lens module of this instrument makes contact lens design 
and ordering very simple. There are two screens for this process. The 
first screen is the fitting guide. The second screen is the order form. In 
the fitting guide, the user enters the patient's prescription and chooses 
the lens type. In addition to selecting lens type, the user also chooses 
a fitting strategy such as flat, steep, or alignment to the cornea. 

After the lens type is chosen and a fitting strategy is selected, the 
order form is displayed, which shows the recommended lens param- 
eters. These recommendations are a good starting point. However, ex- 
perienced users may choose to customize the lens design further. 
Choosing to customize a rigid gas permeable contact lens will display 
simulated fluorescein patterns and allow the user to see the effects of 
changing lens design on lens alignment to the corneal surface. After 
the final lens is chosen, the order form may be faxed or printed for 
ordering, and saved for future reordering. 

8. What is the relationship between corneal 
topography and fluorescein patterns? 

Fluorescein patterns are most directly related to elevation topography 
maps. The patterns visible on elevation maps are created by deviation 
of the shape of the cornea from a spherical reference surface. This cor- 
responds with the thickness of the tear layer between the surface of the 
cornea and the posterior curvature of the contact lens. Fluorescein pat- 
terns beneath the contact lens are more directly related to elevation 
maps than curvature maps. Some examples follow. 

Fluorescein Patterns in Astigmatism 

In corneal astigmatism greater than 1.00 D, one observes a fluorescein 
pattern in the shape of a dumbbell. The thickness of the tear layer 
gradually increases near the edge in the steepest meridian. Fluorescein 
pooling is less along the flatter meridian, tear thickness diminishes near 
the periphery, and the contact lens is in contact with the cornea at the 
optical zone. A difference in the thickness of the tear layer along the 
two primary meridians can give some indication of the amount of cor- 
neal astigmatism. A dumbbell pattern of fluorescein becomes exagger- 
ated as corneal toricity increases. 

With-the-Rule Astigmatism 

The curvature map (Color Plate 6) demonstrates a bow-tie shape with 
a symmetric pattern, and the elevation map (Color Plate 7) has a biscuit 
shape. Color Plate 8 demonstrates fluorescein pooling in the vertical 
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meridian (the green areas) with alignment, or touch, in the horizontal 
meridian (dark areas). 

Against-the-Rule Astigmatism 

The curvature map in against-the-rule astigmatism (Color Plate 9) 
shows a horizantal bow-tie pattern. The contact lens fit would dem- 
onstrate pooled fluorescein in the horizontal meridian with alignment, 
or touch, in the vertical meridian. 

Oblique Astigmatism 

Oblique astigmatism may be represented by a dumbbell pattern at the 
45° or 130° meridian with accumulation of fluorescein under the lens 
over the steeper meridian when the contact lens is fitted on the flattest 
K. Figure 6.3 A demonstrates an oblique dumbbell with alignment in 
the 130° and 310° meridian and an accumulation of fluorescein in the 
30° and 210° meridian. 

Topographic Analysis After Refractive Surgery 

Topographic analysis is very helpful for contact lens fitting after re- 
fractive surgery. The central corneal curvature is often dramatically 
changed by treatment. This change in central corneal curvature can be 
measured by manual keratometry. However, most of contact lens bear- 
ing on the corneal surface occurs in the mid-periphery where relatively 
little change occurs. For this reason, central corneal curvature mea- 
surements do not provide the most useful measurements for contact 
lens fitting after corneal refractive surgery. Corneal topography pro- 
vides important information about the shape of the peripheral cornea 
for successful contact lens fitting. 

There are two common concerns when fitting contact lenses after 
corneal refractive surgery. First, the primary profile of the cornea has 
changed. After most forms of myopic corneal refractive surgery, the 
shape of the cornea is no longer prolate. Instead, the curvature of the 
cornea is flatter centrally and steeper peripherally. This shape is known 
as oblate asphericity (Fig. 1). Hyperopic corneal refractive surgery can 
exaggerate the natural prolate asphericity of the cornea. A second con- 
sideration is the outer boundary of the treatment zone after corneal 
refractive surgery. This boundary is often visible on videokeratography 
as a red ring. This junction between treated and untreated tissue is 
sometimes referred to as the "surgical knee" of the cornea. This bound- 
ary is often defined by an abrupt increase in curvature that can influ- 
ence the fit and position of a contact lens. 

Soft and rigid contact lenses are equally common after corneal re- 
fractive surgery. However, corneal surface irregularities caused by sur- 
gical complications are most often managed with rigid gas permeable 
(RGP) contact lenses. Curvature maps are most useful after corneal 
refractive surgery. Tangential curvature maps can provide important 
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diagnostic information about surface irregularities including their lo- 
cation, exact dimensions, and severity. It is often possible to infer the 
impact that a corneal irregularity may have on vision from tangential 
curvature maps. Axial curvature maps are useful for describing the 
general shape of the cornea even after cornea refractive surgery. The 
central posterior curvature of a rigid contact lens is best selected from 
the axial curvature map. Initial lens curvature selected from the 5 mm 
diameter zone was a successful starting point for fitting RGP contact 
lenses after myopic excimer laser treatments. 8 

Post-Radial Keratotomy 

Both the curvature maps (Color Plate 10) and the elevation map dem- 
onstrate an oblate cornea. Color Plate 11 shows the fluorescein pattern 
of an aspheric contact lens fit: 

1. Apical pooling 

2. Compression zone in the mid-periphery in four quadrants 

3. Edge clearance adequate for this case 

Post-LASIK 

The curvature maps (Color Plate 12) demonstrate an oblate cornea, and 
Color Plate 13 demonstrates the fluorescein pattern of an aspheric con- 
tact lens fit: 

1. Apical pooling 

2. Compression in the mid-peripheral zone and discrete temporal de- 
centralization, causing edge lift 

In the Post-transplant Cornea 

Topographic changes after corneal transplant are profound. There are 
several sources of distortion to corneal shape after penetrating kera- 
toplasty: 

1. Oversized graft 

2. Uneven suture tension 

3. Uneven donor bed 

4. Differences in curvature between the donor and recipient tissues. 

Apposition of a donor corneal button frequently alters the natural 
asphericity of the cornea, causing a "step" at the junction. This sloped 
surface can complicate the fitting of rigid contact lenses, depending on 
its location and severity. If the steepest area is inferior, it is best to fit 
the RGP lens with a flatter, superior cornea, permitting more vertical 
movement of the contact lens. As an alternative, one can try to avoid 
the inferior irregularity by decreasing overall lens diameter. If this is 
not successful, large-diameter RGP contact lenses can be used to bridge 
this irregular region. However, one must be careful not to let the lens 
bear too heavily on any one spot or to create inflammation with lens 
adherence. Steepening of the graft that is nasal or temporal can often 



